ABSTRACT. In human immune system, helper T lymphocytes are able to differentiate into two lymphocyte subsets: Th1 and Th2. The intracellular signaling pathways of differentiation form a dynamical regulation network by means of secreting distinctive types of cytokines, while the differentiation is regulated by two major gene loci: T-bet and GATA-3. In this article, a system dynamics model is conducted to simulate the differentiation and re-differentiation process of helper T lymphocytes, based on the experimental data of the gene expression levels of T-bet and GATA-3 during the differentiation process of helper T lymphocytes. The follow-up discussion covers three ultimate states of the model and then arrives at the conclusion that cell differentiation potential exists while system dynamic model at the unstable equilibrium point; the helper T lymphocyte will no longer have the potential of differentiation when the model evolution reached a stable equilibrium point. In addition, the time lag, caused by the expression of transcription factors, can lead to the oscillation phenomenon of the secretion of cytokines during differentiation phase.
IL-9 and IL-10 [6, 7] . It is through secreting various cytokines that they function correctly as helpers in immune responses of distinct types.
With continual breakthroughs of researches on T cells, the mechanism of Th1 and Th2 differentiation unfolds gradually. 4 
CD
 cells, when remaining undifferentiated, only secrete a tiny amount of cytokines and they are labeled as Th0 cells or naive T helper precursor cells [8, 9, 10, 11] . From the two differentiation paths, they will finally choose one, and their choice is decided on the external environment (various cytokines), mainly by IFN   and IL-4 [12, 13, 14] . and triggers nuclear translocation of it [15, 16] . After that, STAT-1 activates the transcription factor T-bet, which plays a dominant role in regulating differentiation of helper T cells [17] .
When T-bet binds to the gene that can be transcribed and translated into IFN   , histone acetylation and DNA methylation are catalyzed and the gene is modified, hence the alteration of its accessibility, which leads to chromatin remodeling [18] [19] [20] [21] . Generally, the IFN   gene undergoes morphological changes so that it can be transcribed more easily. As the production of IFN   is augmented, part of it is transported out of the cell and once again activates the IFN   /T-bet pathway to establish a positive feeding looping [22] [23] [24] [25] . Moreover, T-bet can also influence GATA-3's function to inhibiting the transcription of IL-4 [16] .
Besides, IL-12, mainly secreted by dendritic cells, monocytes and macrophages, is another crucial cytokine that induces Th1 differentiation. At early differentiation stage, IL-12
activates STAT4 via the receptor complex on the cell membrane [5] . STAT4 can 3 simultaneously affect the IFN   gene and the T-bet gene [18, 19] , leading to more combination of IFN   and T-bet, which boosts the translation of IFN   and its production. A certain period of time after the onset of differentiation, differentiation can proceed smoothly even without IL-12, because the necessity of its promoting effect decreases as time elapses [8, 20] . Note that the IL-12 is not an essential cytokine: when the IL-12 gene of T help cells is knocked out, they can still secretes IFN   , but of much lower level than normal [26] .
The external IL-4 is able to induce Th0 to differentiate into Th2 [7, 27, 28] . Initially, IL-4 binds to its receptors on the outer surface of cell membrane, and activates STAT-6 and finally GATA-3 [9, [27] [28] [29] [30] . Then, the activated GATA-3 changes the accessibility of IL-4 and therefore stimulates the transcription of IL-4, forming a positive feedback looping. GATA-3
can also inhibit the function of T-bet in the same way as T-bet does [28, 29, 30] .
The process of differentiation can be divided into two stages: polarization and differentiation. Polarization is defined as the structural transformation of Th0 towards either subpopulation of Th1 and Th2 prior to the completion of differentiation. The structural change of Th0 at this stage is reversible, which means the cell is still able to switch from Th1 to Th2 or backwards, if its culture environment is properly altered. However, a Th2 cell with thorough differentiation cannot possibly transform into a Th1 cell, even when a large quantity of IFN   is added to the culture environment or a high level of T-bet is expressed in cells.
Nevertheless, the latter method does generate a special type of cell that produces both IL-4 and IFN   , which is presumably due to the subtle change that the IL-4 gene with chromatin remodeling is no longer inhibited by T-bet [30, 31, 32] . 
Materials and Methods

Model Building
System dynamic models have a wide range of applications in the field of biological regulatory networks [34] [35] [36] . We developed a lag-system dynamical model [33] 
which means that the production rate of T bet  approaches to a fixed value If we substitute Eq. (1) into Eq. (2), we will arrive at: at early differentiation stage. We substitute Eq. (6) into Eq. (5) to get:
Then we assume thatT bet  won't degrade before binding to the IFN   gene, based on which we have:
We substitute Eq. (4), Eq. (7) into Eq.(8), so we have: We define () Gi as the concentration of 3 GATA  in cells at the moment i , and the production rate of 4 IL  is modeled as: 
Further analysis of Eq. (11)  production rate will approach to, but is always lower than ILG k , due to the speed limitation of T bet  transcription.
We substitute Eq.(10) into Eq.(11), then arrive at:
And its simplified form is:
Since T bet  can affect the binding ability of 3 GATA  to the 4 IL  gene, the binding rate of 3 GATA  and 4 IL  is given by the following formulas:
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Then we assume that 3 GATA  won't degrade before binding to the 4 IL  gene, based on which we have:
We substitute Eq. (13) 
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Model Analysis
The completion of the differentiation process is reached when: 
Thus, the ordinary differential equations (Eq. (19)) have a incipient state:
The differentiation of Th1 is considered to be completed, when 
, upon which we have:
The solution is:
On the other hand:
So one limit point for Eq.(19) is： 
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Results and Discussion
Mathematical modeling plays an important role in analysis of a great deal of complicated experimental phenomena of biological systems [37] [38] [39] [40] [41] [42] [43] [44] . In this paragraph, we would like to discuss the relationship between differentiation potential and equilibrium points of the Th1-Th2 system dynamical model. There is no oscillation at all and the equilibrium point is In Figure 4 , we can see that time lag oscillation occurred in time frame of 800 interactions and the equilibrium point is not reached. In Figure 5 , The curve oscillates more tempestuously, and the equilibrium point is  (the oscillation becomes more evident if the graph is enlarged), but cannot influence the equilibrium point of the differential equation (i.e., the concentration when stable state is reached). Therefore, the oscillation can explain the abnormity of the curves representing T bet
Time-Lag oscillation
Moreover, it will take the differentiation process longer time to reach the stable point when more considerable oscillation occurs.
Differentiation
3.2.1 Th1 differentiation process with inhibit of major control genes. After through differentiation is completes (Figure 10 ), the expression level of The Figure. 12 and Figure.13 shows that oscillation doesn't exist on condition that either one of 3 GATA  and T bet  is obviously superior to the other (the comparatively stable state of differentiation), whereas in unstable state, the phase trajectory oscillates more considerably as the delay order increases. In addition, the curve oscillates violently when the level of expression of T-bet is low.
Conclusion
The helper T lymphocytes have the potential of differentiation while system dynamic model about expression of major control genes at the unstable equilibrium point. The helper T lymphocyte will no longer have the potential of differentiation when the model evolution reached a stable equilibrium point. In addition, the time lag, caused by the expression of transcription factors, can lead to the oscillation phenomenon of the secretion of cytokines during differentiation process.
